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Numerous publications have been devoted to
the subject of cutaneous ultraviolet (UV)
erythema, but very few of these provide quan-
titative values in sufficient detail. Quantitatiori
of one or more experiments has been provided
in the articles by Rottier (1), Magnus (2),
Luckiesh, Holliday and Taylor (3), Coblentz,
Stair and Hogue (4), Hausser and Gauer (5),
Blum and Terus (6), and Rottier and Van der
Leun (7).
During the course of a study of UV ery-
thema, we accumulated a large body of quanti-
tative data which characterizes the normal
range of response (8). At the same time we
investigated the relationship among different
wavelengths in the erythema range by adminis-
tering combinations of sub-erythemal quantities
at several wavelengths.
PART I. ENERGY REQUIRED FOR MINIMAL
pERcEpTIBLE ERYTHEMA (MPE)
Previous studies indicate that the TJV cry-
thema energy requirement is wavelength de-
pendent, and an erythemal action curve de-
scribing this relationship has been proposed (1,
2, 3, 4, 6, 11, 12). However, quantitive energy
values were seldom reported and when given
these values did not always correspond to the
described action spectrum. With the exception
of Magnus's recent study, sufficient detail was
lacking (2).
Methods
During August and September 1964, 40 erythema
action spectra were determined on 30 young adult
Caucasian subjects. The minimum quantity of
UV light necessary to produce erythema was de-
termined in each experiment at the following
wavelengths: 250, 254, 260, 270, 280, 290, 297, 300,
and 310 m. Monochromatic UV light was adminis-
tered to 1 cm2 test areas on the abdomen of each
subject. Light for these tests was obtained from
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a high pressure xenon arc which was combined
with a Bausch & Lomb monochromator in this
laboratory (9). According to the manufacturer
this instrument permits less than 0.4% stray light
which by our measurements was less than 1%.
Paired slits of 5.36 and 3.00 mm were used. The
half maximum energy band width as measured by
a Beckman DU Spectrophotometer was 10 ms. At
each wavelength graduated quantities of energy
were administered. Observations were recorded at
6—8 hours because the reaction at most wave-
lengths is maximal at that time (10).
Results
The data obtained in each experiment are
recorded in Table I. The aggregate mean mini-
mal erythema doses (MED's), standard devi-
ations, and medians are given. The mean
MED's are expressed in both iwatt-sec/cm2
and photons/cm2. Figure 1 plots mean MED
and one standard deviation versus wavelength.
Discussion
Quantitative Values. The energy requirement
for the production of MPE was consistently
less for shorter wavelengths and more at the
longer wavelengths. Contrary to most other
investigators, we found that 280 mt IJV light
exhibited an erythema effectiveness intermedi-
ate between 254 and 297 m (3, 4, 11, 12). Mag-
nus recently published relative energy require-
ments for MPE at 8 wavelengths in 18 case
studies (2). His findings differed from most
others in that he reported much greater varia-
tion in level of response among individuals.
Further, as previously demonstrated by Rottier
(1), he showed that 250 m radiation was more
effective in producing erythema than any other
wavelength. Blum and Terus also reported
lower energy requirements for monochromatic
254 mi (low pressure Hg arc) than for mixed
UV light (6). Other investigators reported
quantitative values at a single wavelength (3,
4, 5). Our values agree generally with these. In
one study Rottier observed the unexpected
development of erythema at 280 mc (1). This
observation supports our finding of greater
range in normal responses at 280 mt than at
any other wavelength.
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TABLE I
Energy in pwaU-sec/cm2 X 1O for Minimal Erythema Dose
Subject
Number
Wavelength Subject's Description
250 254 260 270 280 290 297 300 310 Sex Eyecolor
Hair
color
Corn-
plexion
_
Age
M
M
M
M
H
H
Br
Br
Br
Br
Bk
Br
M
D
M
M
M GnM B! Br MBr M
F
F
F
M
Gn
Bi
Bi
Bi
Br
Br
Br
Br
M
M
M
M
F H
M Br
F Br
1 6 8 12 13 12 11 14 30 300
2 7 11 8 9 8 11 19 20 150
3 8 10 16 13 9 17 20 41 310
4 3 6 4 6 16 11 19 19 220
4a 6 6 10 20 20 20 35 45 350
5 8 8 11 12 16 16 24 38 220
6 10 10 10 10 12 12 12 22 180
6a 8 8 8 10 12 12 22 32 300
6b 6 8 7 13 8 10 24 21 180
7 8 8 8 6 8 8 14 24 150
8 6 6 6 8 10 10 12 22 300
9 6 6 6 10 6 10 14 25 200
10 6 4 4 6 6 4 8 16 150
lOa 12 10 9 14 19 12 20 21 150
11 6 8 8 8 10 12 12 12 300
ha 8 6 10 10 10 12 32 30 270
12 6 4 6 6 8 8 14 21 200
13 4 4 4 14 16 16 22 25 250
13a 8 10 12 12 16 8 10 15 130
13b 9 12 9 18 21 15 18 27 150
14 6 6 8 6 6 6 14 19 150
15 6 4 4 6 6 8 10 16 250
16 4 4 6 8 6 6 12 16 250
17 6 6 4 10 10 10 12 19 150
18 4 4 4 6 8 8 13 28 300
19 6 6 10 10 14 8 14 25 200
19a 3 8 10 10 10 10 10 20 150
20 4 4 4 4 4 6 8 19 150
21 6 6 6 10 10 8 12 19 150
22 6 4 4 8 10 8 12 16 150
23 6 6 4 6 6 8 12 14 200
24 6 6 6 6 10 10 10 20 150
25 6 10 10 10 10 10 15 30 250
26 8 4 6 6 6 8 14 14 160
27 4 6 6 6 10 10 12 16 190
28 4 4 4 8 5 11 12 22 220
29 6 6 6 6 8 6 8 12 160
29a 6 4 4 6 6 12 24 28 130
30 10 12 14 23 23 19 24 34 190
30a 15 10 15 18 18 20 15 20 130
Mean 6.58 6.83 7.58 9.78 10.7 10.7 15.7 22.8 204
Br M
Bk MBr M
19
30
23
30
17
32
17
17
18
25
25
16
30
24
15
21
19
25
23
18
20
23
25
16
24
13
12
26
30
26
23.6
M
M
M
M
M
F
M
F
M
M
M
F
M
M
M
F
B!
B!
H
Br
H
B!
Br
Br
Br
Bi
Gn
Br
Br
Br
H
Bi
Br
Bk
Br
Bk
Bk
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
M
M
M
M
D
M
M
M
M
M
D
M
M
M
D
M
F H Bk M
- 2.35 2.47 3.29 4.32 4.80 3.85 6.26 7.69 64.8
Median 6 6 6 8 10 [0 14 21 190
Mean
Pho-
tons/
cm2X
10—is
8.27 8.74 9.92 13.3 15.2
15.1
15.6 23.5 34.5 318
241
242 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
V..Ea
C)
IAJ
Co
C
300,000'.
310
Subject Differences. No statistically signifi-
cant relationship to eye color, hair color, age,
complexion, or sex was demonstrated. However,
in general, women were slightly less sensitive
than men.
Repeat Observations. Eight individuals were
tested more than once. The MED's found in
repeat determinations on some individuals dif-
fered markedly from those previously obtained
(Table I). These differences were neither con-
sistently increased nor decreased from previous
values. However, variability in individual re-
sponse is within two standard deviations of the
group mean.
PART II. VERIFICATION OF THE "ADDITION
THROREM" FOR UV ERYTHEMA*
The "Addition Theorem" requires that for
any given physiological effect which may be
*This terminology was introduced by Adams,
Forsythe and Barnes (13).
produced independently by several specific
wavelengths of light, an equal effect can be
produced by the combination of several of
these wavelengths (13). For TJV erythema pro-
duction this relationship may be expressed as
follows:
U, equals the total energy/em2 of the A,t1'
wavelength.
V equals the energy/cm2 for MPE of the
A1th wavelength.
A1"' corresponds to wavelengths 254, 280
297nmii.
D equals the sum of the MED increments of
the A1 wavelengths. In the experiments
described D is limited to 1.
Although this concept has long been accepted
in studies of the erythema action spectrum and
200 ,000
100, 000
30,
250 260 270 280
WAVELENGTH mu
Fm. 1. Solid line mean MED determined in 40 experiments during August and September
1964. Broken lines one standard deviation from the mean.
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when heterogeneous ultraviolet light was em-
ployed, the validity of this theorem, approxi-
mately valid in photography, has not been
demonstrated (3, 4, 11, 12, 13). This principle
can be tested by the superposition (addition) of
fractions of MED's of different wavelengths.
The theorem is demonstrated if a MPE is pro-
duced when the sum of the added fractions is
equal to one.
Methods
Three wavelengths were studied: 254, 280, and
207 m. In each experiment the MED was deter-
mined at each wavelength by means of a xenon
arc monochromator (9). Simultaneously the effect
of the superimposing various wavelengths was
studied. Approximately eight hours after irradia-
tion the MED for each wavelength and combina-
tion of wavelengths was observed and recorded.
Results
Table 2 records the results of this study. The
MED is recorded for each pure wavelength in
column marked The column marked
records the energy of each wavelength in the
minimal positive combined dose. The ratio
Ux/VA for each wavelength appears next fol-
lowed by the sum of MED ratios.
Discussion
Ideally the should equal unity
in every case. As can be seen from our results,
this is approximately true. If the "Addition
Theorem" were not valid, one would expect the
sum to be consistently lesser or greater than
unity. The validity of this theorem for 254 and
297 mj combinations supports the idea of one
erythema mechanism rather than the combina-
tion of several mechanism for different wave-
lengths.
SUMMARY
For the first time, quantitative energy values
required to produce minimal perceptible erythe-
mas in a large group of subjects (30 subjects, 40
tests) at 9 wavelengths are reported. In general
these values are consistent with those few previ-
ously reported. No significant differences in
response could be related to age, sex, hair color,
eye color, or complexion. The variation in re-
sponse of a single individual at different times
was nearly as large as the variation in response of
different individuals. Finally the validity of the
"Addition Theorem" as applied to JJI/ induced
erythema has been demonstrated as expressed
by the equation (Ux/Vx1) = 1.
TABLE II
Additive doses to produce MPE
VA. energy uwsec/cm2 required Uenergy uw-sec cm2 added to
to produce MPE produce MPE Ux./Vx.Experiment
number
1
2
3
4
5
6
7
8
0
10
11
12
13
14
254
8,000
8,000
8,000
4,000
4,000
8,000
8,000
8,000
280
14,000
14,000
14,000
14,000
15,000
15,000
15,000
297 mp
22,000
24,000
24,000
15,000
15,000
17,000
17,000
14,000
14,000
16,000
16,000
16,000
16,000
16,000
254
2,000
2,000
4,000
1,500
3,000
5,000
2,500
3,000
280
6,000
3,000
5,000
2,000
7,500
3,750
5,000
297 mM
12,000
12,000
8,000
9,750
6,500
10,000
15,000
8,500
10,500
8,000
12,000
8,000
12,000
5,400
254
.25
25
.50
.38
.75
62
.31
.38
280
.43
.21
.36
14
.50
.25
.33
297
.55
.50
.33
.65
.43
.59
.88
.61
• 75
.50
.75
.50
75
.33
a
.80
75
.83
1.03
1.18
1.02
1.09
.97
.89
1.12
1,06
1.00
1.00
1.04
Mean value E .98
244 TI-SE JOURNAL OF INVESTIGATIVE DERMATOLOGY
REFERENCES
1. Rottier, P. B.: The erythematogeneous action
of ultraviolet light on human skin. I. Some
measurements of the spectral response with
continuous and intermittent light. J. Chn.
Invest., 32: 681, 1953.
2. Magnus, I. A.: Studies with a monochromator
in the common idiophathic photodermatoses.
Brit. J. Derm., 76: 245, 1964.
3. Luckiesh, M., Holladay, L. L. and Taylor, A.
H.: Reaction of untanned human skin to
ultraviolet radiation. J. Opt. Soc. Amer., 20:
423, 1930.
4. Coblentz, W. W., Stair, R. and Hogue, J. M.:
The spectral erythemic reaction of the un-
tanned human skin to ultra-violet radiation.
Bur. Stand. J. Res., 8: 541, 1932.5. Hausser, K. W. and Gauer, 0.: Die absolute
Emfindlichkeit der Lichterythembildung.
Strahlentherapie, 48: 230, 1933.6. Blum, H. F. and Terus, W. F.: The erythemal
threshold for sunburn. Amer. J. Physiol., 146:
107, 1946.7. Rottier, P. B. and Van der Leun, J. C.:
Hyperaemic of the deeper cutaneous vessels
after irradiation of human skin with large
doses of ultra-violet and visible light. Brit.
J. Derm., 72: 256, 1960.
8. Everett, M. A., Olson, R. L. and Sayre, R. M.:
Ultraviolet erythema. Arch. Derm. (Chi-
cago), 92: 713, 1965.
9. Sayre, R. M., Straka, E. R., Anghn, J. H., Jr.
and Everett, M. A.: A high intensity ultra-
violet light monochromator. J. Invest. Derm.,
45: 190, 1965.10. Olson, R. L., Sayre, R. M. and Everett, M.
A.: Anatomic site and time factors in ultra-
violet erythema production. Paper read be-
fore AMA, June 1965, New York City. Arch.
Derm. (Chicago), in press.11. Hausser, K. W. and Vahle, W.: Die Ab-
hangigkeit des Lichterytbems und der Pig-
mentbildung van der Schwingungszahl(Wellenlknge) der errengenden Strablung.
Strahlenterapie, 13: 41, 1921—22.
12. Hausser, K. W. and Vahle, W.: Sonnenbrand
und Sonnenbräunung. Wiss. Veroff. Siemens.,
6: 102, 1927.
13. Adams, E. Q., Barnes, R. T. and Forsythe, W.
E.: Erythema due to ultraviolet radiation. J.
Opt. Soc. Amer., 21: 207, 1931.
